
MODELING GROWTH (AND LIBERALIZATION) USING SMOOTH 
T RAN S IT I 0 N S AN A LY S I S 

DAVID GREENAWAY, STEPHEN LEYBOURNE, and DAVID SAPSFORD: 

Economic liberalization has been a pervasive phenomenon over the last twenty 
years. Programs have been initiated on the assumption that liberalization promotes 
economic growth, but the empirical evidence for this is limited. This paper takes 
a novel approach to modeling growth and structural change as smooth transitions. 
This allows us to model deterministic change without imposing discrete changes. 
We use smooth transition analysis to reappraise the time-series properties of long- 
run growth rates in a number of developing countries which have undertaken 
liberalization. Our results challenge conventional wisdom on both methodological 
and empirical grounds. (JEL F1, C2, 04)  

I .  INTRODUCTION 

There is a large and growing literature on 
liberalization and its effects, stimulated ini- 
tially by the very extensive trade reform pro- 
grams promoted in developing countries over 
the last fifteen years or so and sustained by 
the attempts to understand what is happening 
in the eastern and central European econo- 
mies. The latter do not feature in this paper, 
though the techniques demonstrated here may 
in time prove to be useful for gaining insight 
into the effects of regime changes underway. 

* An earlier draft of this paper was presented at the 
Western Economic Association meetings, Vancouver, July 
1994, the Economic Society of Australia annual conference, 
Gold Coast, Australia, September 1994 and at seminars at 
La Tmbe University, Monash University, University of Tas- 
mania and the Australian National University. Two anony- 
mous referees and Editor Tom Willett provided a number 
of constructive comments. The authors gratehlly acknowl- 
edge all of this assistance as well as financial support from 
the Nufield Foundation. 
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1. For a review of experience, see Whalley [I9911 and 

2. See Harrigan and Mosley [I9911 and World Bank 
Greenaway and Morrissey [1993]. 

[1990]. 

Liberalization, in the sense of trade re- 
forms which reduce anti-export bias in one 
way or another while improving the informa- 
tion content of relative price changes, has 
been promoted in some eighty or so develop- 
ing countries in the 1980s and 1990s. Some 
of these liberalizations are unilateral, most are 
policy conditioned under the aegis of World 
Bank Structural Adjustment Loans (SALs).' 
All have been undertaken on the assumption 
that liberalization will ultimately improve ex- 
port and growth performance. The evidence 
on liberalization and growth, however, is at 
best somewhat mixed. On the one hand, one 
has the exhaustive study of Papageorgiou, 
Michaely and Choksi [1991] which claims a 
close and direct association. On the other 
hand, Greenaway and Sapsford [1994] find 
only a limited role for liberalization, and a 
range of studies of SALs associate adjustment 
with a deterioration in growth performance.2 

These studies generally rely either on crude 
data inspection, simple correlation analysis, 
or multivariate regression. This paper takes a 
new approach to the question. It starts fiom 
the presumption that any changes in economic 
performance following a liberalization may be 
more appropriately modeled as a steady tran- 
sition rather than a discrete change. To model 

ABBREVIATIONS 
PMC: Papageorgiou, Michaely and Choksi [1991 J 
LSTR: Logistic smooth transition regression 
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the change in this way, we make use of the 
recent work of Granger and Terasvirta [ 19941, 
who explore the properties of a variety of non- 
linear specifications that facilitate modeling 
structural change as a smooth transition be- 
tween states. We estimate and test the ade- 
quacy of a number of such specifications. 

Our analysis is in two stages. First we take 
a novel approach to the modeling of growth 
which allows us to model deterministic 
change without, as other analysts have done, 
imposing discrete changes. Not only does this 
help clarify the statistical properties of the 
time series, it also challenges the assumptions 
that underpin much growth modeling. Having 
identified the transitions in the growth series 
we are investigating, we then explore the co- 
incidence of these transitions with well-docu- 
mented episodes of liberalization. We do not 
formally test whether liberalization results in 
growth. Our results are, however, informative 
in two respects. Firstly, they place a question 
mark against the widely held presumption that 
liberalization is a panacea for growth. Sec- 
ondly, they also point the way to the appro- 
priate econometric modeling of these pro- 
cesses. 

The remainder of the paper is structured as 
follows. Section I1 briefly describes the con- 
text against which our analysis is set. Section 
I11 sets out the details of our methodology and 
the models to be tested. Section IV reports our 
results, contrasts them with those of previous 
work and evaluates the implications for pol- 
icy. Section V concludes and identifies possi- 
ble extensions. 

I I .  LIBERALIZATION, (EXPORTS) AND 
GROWTH: PREVIOUS EVIDENCE 

There are essentially two strands of the lit- 
erature which provide relevant background: 
one which relates exports and growth; a sec- 
ond which relates liberalization to exports and 
growth. 

The exports and growth literature is an ex- 
tensive one, which goes back some years.3 It 
starts from the presumption that exports and 
growth are directly related, with causality run- 
ning from changes in exports to changes in 

3. A recent survey of results is given in Greenaway and 
Sapsford [1994]. 

g r ~ w t h . ~  Analysts have deployed a variety of 
empirical methods, usually of growth ac- 
counting type models, and covering a range 
of countries and time periods. The consensus 
from this literature can be summarized as fol- 
lows. First, it seems to be the case that exports 
and growth are in general correlated. How- 
ever, the correlation holds rather more 
strongly for cross-section than time-series 
data. Second, there is substantial evidence in 
favor of a threshold effect, i.e. industrializa- 
tion needs to have proceeded beyond some 
critical level, (as proxied by GDP per capita), 
for the export-growth relationship to hold. 
Thus notwithstanding the qualifications relat- 
ing to causality which some authors have 
raised, there is quite a lot of empirical support 
for the assertion that exports and growth are 
related. This has been taken by some as a basis 
for recommending liberalization, the pre- 
sumption being that liberalization stimulates 
export performance and this in turn stimulates 
growth performance. 

More recent are attempts to establish di- 
rectly the liberalization-exports-growth rela- 
tionship. In policy terms the most influential 
study here is Papageorgiou, Michaely and 
Choksi [1991] (hereafter PMC). This is a mas- 
sive study of 36 liberalization episodes in 19 
countries, over the period from the mid 1950s 
to the mid 1970s. Using essentially informal 
analysis which compares average export and 
growth performance across all of the episodes 
for the three years before and three years after 
each episode, they conclude, quite unequivo- 
cally, that liberalization boosts both exports 
and growth. Notwithstanding the reservations 
about the methodological foundation to this 
work articulated in Greenaway [1993] and 
Collier [ 19931, the results have been widely 
reported as conclusive proof of the efficacy 
of liberalization-most notably of course in 
the World Bank itself.5 

Greenaway and Sapsford [1994] subject 
PMC sample (or rather a subset thereof), to 
more rigorous statistical scrutiny using slope 
and intercept dummies within a standard pro- 

4. Note that some studies have conducted formal tests 
and question whether causality unambiguously runs from 
exports to growth. See, for instance, Jung and Marshall 
[I9851 and Darrat [1987]. 

5.  See, for example, Thomas and Nash [ 19921. 
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duction function growth model.6 The model 
was estimated on data for 13 of the 19 coun- 
tries in the PMC samplee7 The results indicate 
that in some two-thirds of all cases, liberal- 
ization appears to have no discernable impact 
on the exports-growth relationship. In three 
out of the 12 cases, a significant positive re- 
lationship is found, in one case a significant 
negative relationship. Given the conviction 
with which the PMC results are reported, and 
the enthusiasm with which they have been em- 
braced by the key lending agency, these re- 
sults are unsettling. It could of course be that 
liberalization does not affect growth. A second 
possibility is that the results are an artifact of 
a misspecified model and, given the reserva- 
tions of Levine and Renelt [1992] on most 
growth modeling, this is quite plausible. An- 
other possibility is that liberalization does not 
affect economic performance via a discrete 
break, but rather by initiating a transition. If 
so, structural break tests which rely’ on the 
existence of a discrete break will generally 
fail to find one. Most of the case study evi- 
dence suggests that trade reforms initiate tran- 
sitions rather than discrete breaks and we need 
therefore to model the process as such, ideally 
without imposing priors on the data. Smooth 
transitions analysis offers that facility. 

111. SMOOTH TRANSITIONS ANALYSIS 
Smooth transition analysis is an approach 

to modeling deterministic structural change in 
a time-series regression. Originally proposed 
by Bacon and Watts [1971] and Maddala 
[1977, 3961, it has been more recently devel- 
oped by Lin and Terasvirta [1994] and 
Granger and Terasvirta [1993, ch. 71. The 
basic idea is quite simple. Rather than attempt 
to identify any change as a single structural 
break, one identifies it as a smooth transition 
between regression regimes over time. 

Where liberalization is concerned, this is 
intuitively appealing. Even where liberaliza- 

6. Both intercept and slope dummies were used because 
liberalization has the potential to impact on both the level 
and rate of growth of GDP. The former is typically associ- 
ation with the once and for all benefits of improved re- 
source allocation; the latter is attributable to more rapid 
factor productivity growth in export-oriented sectors. 

7. Brazil, Columbia, Greece, Israel, Korea, New Zea- 
land, Pakistan, Peru, Philippines, Spain, Sri Lanka, Turkey, 
Yugoslavia. 

tion is implemented in a “big bang,” any sub- 
sequent effects on growth will typically be 
gradual rather than automatic, the speed of 
adjustment being dependent on the efficiency 
of markets in the economy in question. In de- 
veloping countries, big bang liberalizations 
are the exception rather than the rule; se- 
quenced liberalizations are more common. In 
these circumstances it can take time for the 
reforms to gain credibility and for agents to 
react. Either way, modeling the impact on 
growth as a discrete structural break is inap- 
propriate. 

More concretely, following Granger and 
Terasvirta [1993, ch. 71, a simple logistic 
smooth transition regression (LSTR) trend 
model may be written as: 

+ pztsf(y, r) + E ,  , t=  1, ...) T 

Here S, is the well-known curvilinear logistic 
function that maps t onto the interval (0, 1) 
and E,  is a zero mean disturbance term. Under 
this formulation and assuming y > 0, the model 
transition occurs smoothly between the initial 
state 

and the final state 

corresponding to S,  = 0 and S,  = 1, respec- 
tively. Hence, the mean growth rate of yo 
which is the coefficient on the trend variable 
t, changes from to (PI + PJ through time. 
Notice the model simultaneously allows the in- 
tercept to change from a, to (a, +az). Here, 
z is a location parameter which determines the 
timing of the transition. For t = z, we have 

such that z identifies the transition midpoint. 
The velocity of transition is controlled by the 
parameter y. If y takes a large value then the 
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transition is completed in a short period of 
time and as y tends to infinity the model col- 
lapses to one with an instantaneous structural 
break in intercept and trend at time t = T. Thus 
(1) embeds the standard structural break model 
as a special case. The parameters a2 and P2 
determine the direction of transition in the in- 
tercept and trend, respectively. If y < 0, the ini- 
tial and final model states are reversed but the 
interpretation of the parameters remains the 
same. 

The model (1) is nonlinear in parameters 
and may be estimated by nonlinear least 
squares (NLS) using a suitable iterative opti- 
mization algorithm. As pointed out in Granger 
and Terasvirta [1993, ch. 71, while the other 
parameter estimates can converge quickly, 
that for y may converge very slowly, particu- 
larly if the true parameter value is large (such 
that the transition occurs quickly). This is be- 
cause a large set of estimated values of y lead 
to very similar values of S,, which deviate no- 
ticeably from each other only in a local neigh- 
borhood of the location parameter T. The prac- 
tical consequence of this is that standard er- 
rors of the NLS estimate of y may appear ar- 
tificially large and should not, therefore, be 
taken necessarily to indicate insignificance of 
the estimate. 

The logistic function S, as specified here 
does impose certain restrictions, in that the 
transition path is monotonic and symmetric 
around its midpoint. More flexible specifica- 
tions could also be considered which, for ex- 
ample, could allow for non-monotonic and 
non-symmetric transition paths. This is facil- 
itated by including a higher order polynomial 
in t in the exponential term of S,. In addition, 
we constrain the transitions in intercept and 
trend to occur once only, simultaneously, and 
with the same velocity. Clearly, a specifica- 
tion which does nor impose these restrictions 
could also be entertained. However, a partic- 
ular advantage our specification has over 
more complex specifications is that all the pa- 
rameters have very straightforward interpreta- 
tions; in more heavily parameterized versions 
this is no longer the case. Moreover, since the 
number of observations available in this study 
is relatively small, degrees of freedom prob- 
lems would also quickly arise. For these rea- 
sons we do not attempt any such extensions 
here. 

In sharp contrast to conventional ap- 
proaches to modeling structural change, no a 
priori information is used to fix the date of a 
transition since the midpoint of the transition 
is determined endogenously via the parameter 
T (with the parameter y then effectively iden- 
tifying the start and end points). From the 
standpoint of modeling liberalization epi- 
sodes, what this means is that the data are 
allowed to determine all the pertinent features 
of any transition in the real growth rate-its 
timing, duration and direction. If any such 
transition is found, and it need not be, one can 
then refer back to the dating of a liberalization 
episode, as established from policy accounts, 
to see whether or not there is any apparent 
coincidence of timing. Our central focus is the 
PMC study where a number of distinct epi- 
sodes are identified by the authors. The spe- 
cific questions we are interested in are: Is 
there any evidence of a transition in growth 
rate in the countries in question over the pe- 
riod to which the PMC study applies? Is there 
any connection in terms of timing between the 
transition and liberalization as identified by 
PMC? 

IV. MODEL ESTIMATION 

The LSTR model was estimated using an- 
nual time series data for 13 countries taken 
from the PMC sample: Brazil, Colombia, 
Greece, Korea, Israel, New Zealand, Pakistan, 
Portugal, Spain, Sri Lanka, Argentina, Yugo- 
slavia and Indonesia. The dependent variable 
y ,  was real GDP per capita at 1980 purchasing 
power parity prices. To account for the possi- 
bility of stochastic dynamics, the estimated 
model was augmented to include a lagged de- 
pendent variable term as 

Including (at most) a single lagged term in 
lnb,) was found to be sufficient to yield seri- 
ally uncorrelated residuals for each series. No- 
tice that with this augmented version of the 
model, the mean growth rates ofy, correspond- 
ing to the initial and final model states are now 
given by P I  /(1 - cp) and (PI + Pz) /(1 - cp), re- 
spectively. 
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The Berndt-Hall-Hall-Hausman optimiza- 
tion algorithm in GAUSSX 3.2 was used to 
compute the NLS estimates of the seven un- 
known parameters in model (2) for each coun- 
try. Since the model is linear in the parameters 
ai, a2, P I ,  p2, and cp, considerable economy in 
estimation is possible as these can be “con- 
centrated out” of the sum of squares function 
using OLS. The estimation results are given 
in Table I under LSTR. Asymptotic t-ratios for 
the parameter estimates are given in parenthe- 
ses. Where particular parameter estimates are 
not present, they were found to be insignifi- 
cantly different to zero (at the 5% level), and 
the results therefore refer to the model re-es- 
timated assuming these parameters are equal 
to zero. We also estimate model (2) imposing 
the restriction S,=O such that the intercept 
and trend coefficients are constant over time 
(no transition between regimes occurs). Given 
the inclusion of the lagged dependent variable 
term, (2) then specializes to the well-known 
Dickey-Fuller regression (DFR), which al- 
lows the possibility of testing for a unit auto- 
regressive root, or stochastic trend, in real 
GDP (1nyJ against the alternative of stationar- 
ity around a linear deterministic trend. We re- 
port these regression results under DFR. 

The standard likelihood ratio test for the 
restriction y=O does not provide us with a 
valid test of the null hypothesis of constancy 
of the intercept and trend against the smooth 
transition alternative. This is because under 
this null the parameters a2, pz and T are no 
longer identified (i.e., they may assume any 
possible value). However, a valid Lagrange 
multiplier test of this hypothesis has been sug- 
gested by Lin and Terasvirta [1994]. This test 
is based on a two-step approach proposed by 
Davies [ 19771. Briefly, the test procedure first 
assumes that the logistic function S, can be 
adequately approximated by a polynomial 
function of t up to some order k, say, via a 
Taylor series expansion. Next, the residuals 
from the DFR model (which assumes constant 
intercept and trend) are constructed, together 
with the residual sum of squares which we 
denote SSR,. These residuals are then re- 
gressed on the same DFR regressors together 
with additional regressors which are polyno- 
mial terms in t up to order k +  1 .  Denoting the 
sum of squared residuals from this second re- 

gression as SSR,, the Lagrange multiplier test 
has the form 

L M =  (SSR, - SSRJ / (SSR, / 2‘). 

Given standard regularity conditions LA4 has 
an asymptotic x2(k) distribution under the null 
hypothesis of constancy of the intercept and 
trend. The degrees of freedom of the limiting 
distribution is k and not k +  1 because t itself 
appears as a regressor in the null DFR model. 

For our purposes, we assume a third-order 
Taylor-series expansion of S,(y, r) is adequate, 
requiring that polynomial terms in t up to the 
fourth order are included in the second-stage 
regression. The reported LM statistic therefore 
has a ~ ~ ( 3 )  distribution under the null hypoth- 
esis of constancy. Based on the 5% signifi- 
cance level of a ~ ~ ( 3 )  distribution (critical 
value 7.81), the results of the LA4 tests in 
Table I suggest that for all 13 countries evi- 
dence of a transition in intercept or trend (or 
both) is present. Looking at the estimated 
models more closely, we see that only for Bra- 
zil is the transition restricted to the intercept 
term; all the other countries display evidence 
of a transition in trend, and hence in mean 
growth rates (often in addition to a transition 
in the intercept term). 

For each estimated model we also report the 
value of the Box-Pierce Q(3) statistic for re- 
sidual autocorrelation. Under the null of zero 
autocorrelation this statistic has an approxi- 
mate ~ ~ ( 2 )  distribution (5% critical value 5.99) 
if the estimated model contains a lagged de- 
pendent variable, and a ~ ~ ( 3 )  distribution if it 
does not. At the 5% level, the null of zero re- 
sidual autocorrelation is not rejected for any 
of the fitted LSTR models. This is in spite of 
the fact that eight out of the 13 models actually 
contain no lagged dependent variable term. 

Under DF we give the value of the Dickey- 
Fuller unit root test (i.e., the t-test that 
cp = 1) for all the models where cp is not con- 
strained to be zero. In the case of the LSTR, 
the nonlinearity in the deterministic compo- 
nents means this cannot be considered as a 
formal test for a unit root, since the t-ratio will 
no longer have the standard Dickey-Fuller dis- 
tribution. It is included, nonetheless, for the 
purpose of comparison. 

In the DFR models the null hypothesis of 
a unit root in InO.;) cannot be rejected at the 
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5% level for any of the countries in the sample 
with the exception of Indonesia (an approxi- 
mate 5% critical value for DF is -3.55). In the 
five LSTR models where cp is estimated, as a 
consequence of the estimates of cp being much 
closer to zero than in the corresponding DFR 
models, the values of the DF are now consid- 
erably lower (and less than the critical value 
-3.55 in four of the five cases). The implica- 
tion is that there is little support for the unit- 
root hypothesis in these series. 

In terms of the dynamics of these GDP se- 
ries, therefore, it appears that once determin- 
istic dynamics in the form of smooth transi- 
tion functions are permitted, then stochastic 
dynamics either play a greatly reduced role 
or, as.for eight out of the 13 series, no role at 
all. Moreover, according to the DFR regres- 
sions, 12 out of the 13 series would conven- 
tionally be characterized as unit-root pro- 
cesses with the implication that GDP has no 
tendency to revert to a linear mean function. 
In contrast, our results from the LSTR models 
show that the movements in real GDP are 
rather better characterized as stationary fluc- 
tuations around a mean path which itself ex- 
hibits a smooth nonlinear transition between 
two distinct linear functions. 

As regards GDP growth, the implication is 
that rather than the mean growth rates being 
constant over the sample period, as the DFR 
models can be shown to imply once the unit 
coefficient on cp is imposed (the growth rate 
then being given by AlnbJ), instead they 
evolve in a smooth nonlinear fashion between 
two different values. 

A closer examination of the signs of the 
estimated values of p,,  p2 and y shows that the 
direction of transition of the mean growth rate 
of real GDP is positive for Colombia, Korea, 
Sri Lanka and Indonesia. For the remaining 
countries in the sample (Greece, Israel, New 
Zealand, Pakistan, Portugal, Spain, Argentina 
and Yugoslavia) the transition is a negative 
one. To see these differences in experience 
more clearly, the estimated mean growth tran- 
sitions are plotted in Figures 1 to 12 (no plot 
is included for Brazil as the mean growth rate 
was found to be constant). The quantity plot- 
ted against time is the estimated counterpart 
of ( P I ,  + p2Sr )/( 1 - cp), and hence represents 
the estimated per capita mean growth rate at 
each point in time (plots of the actual and 

fitted values of lnbJ are available from the 
authors on request; the fitted models appear 
to capture the main features of the data very 
successfully). In each case the estimated trend 
coeff ic ient  can be observed to evolve 
smoothly between limiting values. Also, con- 
siderable diversity in the speed and timing of 
the transitions is evident. For instance, Yugo- 
slavia undergoes the most rapid transition be- 
tween mean growth paths (y is estimated to be 
3.58) which is more or less fully completed 
within the period 1976-1 980, whereas the Ko- 
rean transition, centered around 1968, appears 
to be the most gradual (y is estimated to be 
0.23); in fact, it is not fully completed even 
over the entire sample period. Importantly, 
however, none of the transitions appear to 
occur in an instantaneous fashion (which 
would be associated with a very large esti- 
mated value of y). This, therefore, raises rather 
serious doubts about the ability of models 
which only permit discrete structural breaks, 
as typically employed in other studies, to cap- 
ture the salient features of GDP growth in this 
sample of countries. 

Thus, our findings that the GDP series are 
better characterized as being stationary 
around a deterministic path which exhibits a 
smooth nonlinear transition between two lin- 
ear trend functions challenges not only the as- 
sertions of Nelson and Plosser [ 19821 that 
these kinds of series typically need to be mod- 
eled as unit-root processes (when the alterna- 
tive process is stationary around fixed linear 
deterministics), but also those of Perron 
[1989] that such series can be adequately 
modeled as being stationary simply by intro- 
ducing a discrete structural break into a trend 
function. In addition, our results raise a fur- 
ther important issue with regard to the struc- 
tural modeling of economic growth: if the de- 
pendent variable is found to exhibit character- 
istics associated with a smooth transition pro- 
cesses, then this has important economic and 
statistical implications for building structural 
models of economic growth since any pro- 
posed structural model must be fully capable 
of explaining this kind of behavior. 

Finally, to gain some indication as to 
whether a positive or negative transition in 
real GDP growth may have been triggered by 
a liberalization episode, we have imposed 
PMC episodes as shaded areas over the esti- 
mated transition paths. Note that this does not 
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FIGURE 1 
Estimated Growth: Colombia 
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FIGURE 3 
Estimated Growth: Korea 
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FIGURE 5 
Estimated Growth: New Zealand 
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Estimated Growth: Spain 
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FIGURE 9 
Estimated Growth: Sri Lanka 
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constitute a formal test of the relationship be- 
tween liberalization and growth, rather it is an 
attempt to see whether there are any obvious 
associations. The range of experience is inter- 
esting. 

For Columbia (Figure 1) it appears quite 
possible that liberalization resulted in a stim- 
ulus to growth. The start of the trade reforms 
in the mid-1960s coincides with a clear accel- 
eration in growth of real per capita GDP. For 
Sri Lanka (Figure 9), the 1968-1970 reforms 
also appear to have precipitated a rapid accel- 
eration in growth. On the other hand, for 
Korea (Figure 3) and Indonesia (Figure 12) 
the fitted models suggest much longer and 
slower transitions between growth paths have 
taken place. Indeed, so gradual are the transi- 
tions that their effective starting points are es- 
timated to have occurred before the earliest 
point in the data. The clear implication here 
is that changes in growth are likely to have 
had very little to do with liberalization. 

In the cases of Greece (Figure Z), Israel 
(Figure 4), Pakistan (Figure 6) and Argentina 
(Figure 10) there is evidence that liberaliza- 
tion may have been associated with a fairly 
sharp decline in the rate of growth towards 
the end of the episodes. A similar experience 
is found for New Zealand (Figure 5) ,  although 
the transition between growth paths here ap- 
pears to have been fully completed before the 
end of the 1962-1 98 1 liberalization. For Por- 
tugal (Figure 7), Spain (Figure 8) and Yugo- 
slavia (Figure 11) there is somewhat less com- 
pelling evidence that the timing of negative 
transitions in growth rates is related to that of 
liberalization episodes. 

What then, if anything, do our findings 
suggest? First of all, the very strong connec- 
tions between liberalization and changes in 
growth which PMC point to appear to be un- 
warranted once we model changes in growth 
as smooth transitions in which the timing of 
the transitions is data determined, and we 
compare the fitted transitions to actual liber- 
alizations as identified by the policy accounts 
of PMC. Second, there is very clearly a rich 
diversity of experience. This is not surprising, 
of course, since we would expect Iiberaliza- 
tion to affect different countries in quite dif- 
ferent ways, depending upon inter alia the in- 
stitutional context within which any reforms 
are initiated and the degree of slippage from 
initial commitments which takes place during 

the liberalization episode. Policy accounts 
have shown this to be so considerable in some 
countries that the “liberalization” is essen- 
tially a fiction. Third, even where reforms are 
implemented and slippage is minimal, differ- 
ent economies may be subject to different ex- 
ternal shocks during the episode itself. 

One can add a little richness to the analysis 
by probing further the nature of the liberaliza- 
tion episodes themselves. PMC do this by 
classifying liberalization as strong or weak, 
depending upon the depth and extent of the 
trade reforms. They also cross-classify epi- 
sodes as sustained, partially sustained or col- 
lapsed, depending upon the length of time the 
reforms remain in place. The indicators for the 
countries for which we have estimates are re- 
ported in Table 11. Again one sees a rich di- 
versity of experience. The key point to note 
from the standpoint of the present paper is the 
lack of any close correlation between strength 
and duration of liberalization on the one hand 
and direction and speed of any transition in 
growth on the other. 

Can one say anything about those cases 
where liberalization could be associated with 
a negative change in growth or is this situation 
completely implausible? In fact a negative re- 
lationship is plausible. Many developing 
countries “liberalize” under pressure from the 
multilateral institutions. Although most trade 
reform conditions are components of World 
Bank conditionality, the correlation between 
countries simultaneously undergoing struc- 
tural adjustment and IMF stabilization pro- 
grams is high. The latter are typically agreed 
and implemented in difficult economic cir- 
cumstances and involve disabsorption. Initial 
stabilization is often accompanied by a sharp 
fall in growth, which may appear to be attrib- 
utable to trade reforms. Again, however, as 
with possible positive associations one needs 
to be cautious in ascribing causality, espe- 
cially since in some cases negative transitions 
coincide with the global slowdown in growth 
which occurred in the mid-1970s. 

V. CONCLUDING COMMENTS 

In this paper we have used a new technique 
to re-appraise the time-series properties of 
long-run growth rates of a number of devel- 
oping countries. Our evidence suggests that 
(with the exception of Brazil) their growth 
rate experiences are best described as having 
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TABLE I1 
Characteristics of Liberalization in Sample Countries 

~~~ ~~ ~~ 

Partially 
Country Episode Strong Weak Sustained Sustained Collapsed 

Colombia 1964-1966 * * 
1968-1 982 * * 

Greece 1953-1955 * * 

Korea 1965-1967 * * 
1978-1 979 * * 

1962-1982 * * 

Israel 1952-1954 * * 
1962-1968 * * 
l 9 6 w  977 * * 

New Zealand 1952-1956 * * 
1962-1981 * * 

Pakistan 1960-1965 * * 

Portugal 1970-1974 * * 

Spain 19604 966 * * 
1970-1 974 * * 

Sri Lanka 1968-1970 * * 

1972-1978 * * 

1977-1980 * * 

1977-1979 * 
Argentina 1967-1 970 * * 

1976-1 980 * * 
Yugoslavia 1965-1967 * * 
Indonesia 1966-1 972 * * 

* 

Source: PMC [I9911 vol. 7. 

undergone a smooth nonlinear transition 
through time between two distinct values 
rather than having stayed constant (as implied 
by the DFR results), or having switched val- 
ues instantaneously at any particular point in 
time. 

This is an important finding which chal- 
lenges the conventional wisdom on changes 
in growth rates. It also has important implica- 
tions for the appropriate structural modeling 
of economic growth: if the data series are best 
characterized by the kind of smooth transition 
processes considered here, it follows that any 
posited structural model must be capable of 
taking this into account, which means a care- 
ful assessment of the statistical properties of 
any proposed explanatory variables becomes 
necessary. 

To motivate the application of this tech- 
nique we matched our estimated transitions to 
data on liberalizations for a (nonrandom) sam- 
ple of developing countries. There are good 

theoretical reasons for expecting a causal link 
between liberalization and growth. With the 
exception of the PMC study, the empirical ev- 
idence is less conclusive. PMC is, however, 
an important exception in that it has turned 
out to be very influential. The configuration 
of our results places a serious question mark 
against the PMC findings. Not only is there 
an absence of a complete one-to-one mapping 
between positive transitions and trade re- 
forms, in some cases the transitions are in fact 
negative. As we emphasized above, our results 
cannot be taken as conclusive since we have 
not conducted a formal test of the impact of 
liberalization on economic growth. They are, 
however, strongly suggestive and highlight 
the important fact that the timing and speed 
of changes in growth rates need to be treated 
endogenously. 

Finally, the paper points up some interest- 
ing directions for future work. First, it is clear 
that the smooth transition framework could be 
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further developed to capture asymmetries and 
perhaps also multiple transitions, though both 
extensions would be rather more demanding 
in terms of degrees of freedom requirements 
and estimation effort. Second, structural mod- 
eling directed at explaining changes in growth 
rates resulting from smooth transitions, rather 
than structural breaks, would be worthy of in- 
vestigation. Within such a framework the role 
of liberalization could then be tested in a more 
formal way. 
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